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CONVERSION FACTORS, US CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

US customary units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply By To Obtain

acres 4046.873 square metres

degrees (angle) 0.01745 radians

feet 30.48 centimetres

0.3048 metres

cubic feet 0.02831685 cubic metres S

square feet 0.0929304 square metres

inches 25.4 millimetres

2.54 centimetres

square inches 6.451600 square centimetres .O

knots 0.5144444 metres per second

miles (US statute) 1.6093 kilometres

square miles 2589.998 square kilometres

millibars 100.0 pascals

yards 0.9144 metres .

cubic yards 0.7645549 cubic metres

square yards 0.8361274 square metres

0.0 ..-
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HISTORY OF EROSION AND EROSION CONTROL EFFORTS
AT TYBEE ISLAND, GEORGIA

PART I: INTRODUCTION

Purpose

1. The purpose of this report is to compile and organize historical

information on erosion and methods of erosion control at Tybee Island, Georgia

(Figure 1). The report also provides an evaluation of past and present

erosion control endeavors on Tybee Island and presents recommendations based

on this evaluation. The historical experience on Tybee Island may assist in

the coastal planning for Tybee and other similarly developed barrier islands.

Background and Setting

2. Tybee Island is a barrier island on the coast of Georgia between the

Savannah River and Tybee Creek. It is one of four islands that form the

subaerial outer edge of the Savannah River delta. The island has 3.5 miles* -

of shoreline along the Atlantic Ocean and an average summer population of

about 12,000 (25,000 on summer holidays). The Savannah River basin drains

17,020 square miles; Tybee Creek has a drainage basin of less than 1.2 square

miles in a marsh-lagoonal area. Tybee Creek probably was a distributary of .

the Savannah River delta during an earlier stage of this river-delta system

(Figure 2). . -
"

3. The shores of barrier islands are dynamic areas that undergo con-

stant change in response to numerous natural and man-induced processes. The

historical documentation of such change can vary considerably for different

locations. Tle earliest recurds on Georgia's barrier islands are maps and

charts prepared during the late 1700's and early 1800's. Although the

accuracy of these early records is suspect, advances in technology during

ensuing decades have yielded considerably more reliable documentation of

*A table of factors for converting US customary units of measurement to metric O

(ST units) is presented on page 4.
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shoreline changes. The most accurate estimates have been made since the late

1930's using aerial photographs and more sophisticated surveying techniques.

Factors Affecting Erosion and Accretion Rates

4. Patterns of erosion and accretion on the shores of barrier islands

are primarily caused by the transfer of wave energy to the loosely packed

material composing the shore. Non-wave induced currents (such as tidal

currents) have a smaller impact on the shore but are important in determining

the sediment budget of the shoreface below mean low water (MLW). Since wave

energy dissipation is a major factor influencing erosion at Tybee Island, it

is important to understand the wave climate of the area. Appendix A presents

a summary of wave data in the Tybee Island area as obtained from the Corps of

Engineers Sea-State Engineering Analysis (SEAS) (Ragsdale 1983).

5. Wind waves approaching Tybee Island are caused by two seasonally

distinct climatic conditions (Nummedal, et al., 1977, Oertel and Howard

1972). During spring and summer months, high pressure systems (called

"Bermuda highs") generally exist offshore between 650 W and 750 W longitude

and 270 N and 37' N latitude. The clockwise rotation of air in these systems

produces mild winds from the south that propagate low-energy waves onto Tybee

Island. These waves transport littoral material from south to north during .. -

much of the period between early spring and mid-fall (Oertel 1974). Since

this is a relatively low-energy process, there ;.s little evidence of erosional

truncation (or scarping) of the upper part of the beach during these seasons.

6. The major climatic events of the fall and winter are related to

strong low pressure systems, including hurricanes. The counterclockwise flow

of air in these systems produces strong winds from the north that drive high

energy waves onto the shore, causing north to south longshore transport over

several days. These conditions often result in severe and rapid erosion of

the shore. This rapid erosion often causes truncation or "scarping" of the

upper foreshore and backshore. While these events are generally only a few

days in duration, they produce significant shifts in shoreline position and

beach elevation. The northeast part of Tybee Island more directly feels the

effer of these storm waves. Prior to construction of a concrete bulkhead in

1941, material eroded from the northeast was transported alongshore in both

northwesterly and southwesterly directions. Subsequent deposition of this

8f.
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protection and groins for beach building purposes." This was the basis for

the projects WP-6347 and WP-7051 which were intended to "close the gaps in the

general protective scheme for the entire island and to give continuous struc- 0

tural protection from south end of the inlet to the north end on that section

known as the Fort Screven Reservation." The proposed projects were also

supported by the thesis that the continuous structure would prevent flanking

actions on the northern and southern projects. S

22. In December of 1940, the District Director of the WPA proposed that

the section of bulkhead between Third and Center Streets be modified to

straighten a 90-deg offset that resulted from the original construction. Con-

struction of a section of concrete bulkhead on a diagonal between Third and

Center Streets was authocized by WP-6347, and the proposed modifications were Z

made accordingly.

23. A reinforced concrete bulkhead extended from First Street to Tybee

Creek at the southern end of Tybee Island, and sixteen additional timber O

groins were also completed by late 1941. The dimensions of the bulkhead

viried at different sections of the shore. The elevation of the cap was

a1pproximately 12.0 ft above MLW, and metal tie rods were anchored into deadmen

bhehind the seawall to provide additional support. .

Measures Employed Between 1942 and 1970

24. The town of Savannah Beach (now the city of Tybee Island) purchased •

t., it ArtiIlery Base (i.e. Fort Screven), thus incorporating the entire

',in sfhreline of Tybee tsland in 1946. In June 1955, the 85th Congress

ititi hrized a hurricane survey of Tybee Island which resulted in a report and

,i-("Wopanving papers (Secretary of the Army 1960). The report indicated that 0

no e-conomically justifiable method was available for protecting Tybee Island

fro)m severe hurricane damage and that the existing concrete bulkhead was

adequate protection from moderate hurricane waves. The report recommended

that no further improvements for hurricane protection on Tybee Island be

undertaken by the United States Government at that time.

25. Storm waves of Hurricane Dora (1964) caused the northernmost section

of seawall to fail. The Federal Office of Emergency Planning (OEP) authorized

construction of rock protection that extended approximately 5,000 ft along the -0

beach north of Center Street. The riprap protection fronted the 1941 section

22
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Construction was initiated in the spring of 1936 and completed in 1938. The

bulkhead elevation was +12.0 ft MLW and the groins sloped from +10.0 ft MLW at

the landward end to approximately +2.5 ft MLW at the seaward end. The five

groins were established in an effort to trap and hold longshore drift, but it

is doubtful that quantitative or even qualitative studies were used to estab-

lish the patterns or rates of sediment dispersion along the shore.

1939-1941

19. Between 1939 and 1941, WPA projects WP-5139, W'-6347, and WP-7051

were completed to protect the shore from the southern end of Fort Screven to

the southern tip of the island at Tybee Creek (microfilm from Savannah Dis-

trict 1939, 1940, 1941). The design of these projects was modified several
S

times between inception and construction. The initial project was a continua-

tion of the 1931-1933 WPA project. Design specifications in May 1939 included

construction of 600 lin ft of concrete bulkhead, 2,000 lin ft of timber

groins, and 25,000 cu yd of sand fill to be placed behind the bulkhead. At

this time, two areas of the Tybee Island shore required additional protective

measures (Figure 9c). The section at the southern end of the island from

Seventeenth Street to Tybee Creek was chosen for the initial work. Later, a

section at the middle of the island between Tilton and Second Streets was

built. Temporary timber bulkheads were constructed to allow permanent

concrete bulkhead construction and deposition of backfill. Concurrent with

bulkhead installation, seven permanent timber groins were constructed.

20. The May 1939 design was modified in December 1939 to change the wood

bulkhead at the center section of the beach to a concrete bulkhead and to

extend it between Second and Fourteenth streets, a distance of approximately

6,100 ft. Another modification called for construction of five timber groins

in Tybee Creek Inlet (Figure 9c). The groins were designed to trap sediment

and influence the tidal current pattern. Following construction of the bulk-

head, 57,000 cu yd of fill were placed. Of this total, it is estimated that

approximately 15,000 cu yd were eroded from the beach within two years.

21. In early 1940, a statement of the success of the concrete bulkhead

and groin projects between First and Second Streets and at the southern end of

the island was prepared (microfilm from Savannah District 1940). In this

report, it was stated that "...the most effective method of protection is by

means of a combination of bulkheads and groins; bulkheads for shoreline

2
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Works Projects Administration Efforts

1931-1933

16. Another erosion control project was initiated in January 1931. The

improvements extended north approximately 2,650 ft from the southern boundary

of Fort Screven. The project was authorized by the Works Projects Administra-

tion (WPA) and consisted of a 2,650-ft-long bulkhead and five groins extending

from the new bJlkhead seaward to the "Old Sea Wall" (Figure 9a). Design

standards for the 1931 Fort Screven bulkhead and groins were described in the

War Department Appropriation Act, 1930. The south end of the bulkhead was

protected from wave action by 1,000 tons of rubble stone. No mention was made

of protection for the northern end of the bulkhead. The top of the bulkhead

was constructed to 13 rt above MLW. The groins sloped from +12 ft MLW at

their landward end to +2 ft MLW at the offshore end. The bulkhead and groins

were constructed of interlocking steel sheetpile with a minimum 3/8-in. wall

thickness.

17. Approximately 100 lin ft of the 1931 bulkhead had failed by 1933 and

the brace pile connections were deteriorating along the old bulkhead and

groins. In April 1933, plans were approved to:

a. Restore the section of bulkhead that had failed.

b. Reinforce connections in the bulkhead and groins.

c. Construct an additional 1,325 lin ft of bulkhead.

d. Build three new groins along the new section of bulkhead.

e. Place 1,400 tons of riprap on a log mattress.

The desioa of the new work was almost identical to the 931 effort except that

the connections of brace piles were 'made stronger. Completion of this plan -

was delayed by a lack of funds, and in 1934 a new set of recommendations for

erosion control was made by the Beach Erosion Board (BEB) to the Chief of

Engineers.

1936-1938

18. Conditions adjacent to Fort Screven changed sufficiently from 1933

to 1936 to warrant a new study and recommendations for immediate actions. The

1936-1938 effort to control erosion at the extreme northern end of Fort

Screven (Figure 9b) was significantly different than the 1931-1933 plan. The

plan resulted in construction of approximately 2,000 lin ft of bulkhead and

five groins that extended toward the Savannah River, all of creosoted wood.

19
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PART II: HISTORY OF EROSION CONTROL MEASURES
AND STRUCTURES

Measures Employed Prior to 1930

14. Three rock groins were constructed at the north end of the island in

1882 (US Army Engineer District, Savannah 1970). It is not known whether this

initial effort was specifically designed to control erosion or if it was. ....

related to the training jetty program for navigational improvements to the

Savannah River. In that program numerous training jetties were established

along the margin of the Savannah River to alter natural currents (to control

erosion and accretion patterns) and enhance navigation. A National Coast

Survey chart dated 1918 (Appendix C) shows the location of ten groins along

the shore of the northern one-third of Tybee Island. Six of these structures

were constructed of wood and four were of rock. The groins on the north end

of Tybee Island were oriented perpendicular to the axis of the Savannah River

channel. Speculation on other characteristics of groin design beyond orienta-

tion is difficult due to structural settlement and deterioration that has

taken place over nearly a century. Five wooden groins located at the southern

tip of Tybee Island were also shown on the 1918 National Coast Survey chart.

15. The Fort Screven Coast Artillery Base was established on Tybee

Island in 1897 (Figure 8). Protection of Base property from shore erosion was

to become a major concern by the 1930's. While records of erosion control ..

projects prior to 1930 are lacking, at least two other significant under-

takings were accomplished in the period 1912 to 1930. A report by CAPT R. F.

Gill (1931) illustrated an old structure called the "Tybee City Groyne" that

was apparently located between Tilton Street and the present position of First

Street. The report also notes another structure termed the "Old Seawall,"

which extended from the north end of the island southward for approximately

6,000 ft to First Street. This structure is probably the seawall constructed

in 1912 by the US Army. The Tybee City Groyne referred to by Gill is probably

a part of what is elsewhere referred to as the Central Beach Protection Works,

built during 1928 and 1929. The 1931 National Coast Survey chart also shows

three wooden groins which were part of the Central Beach Protection Works.

These three wooden groins were located between Tilton and Third Streets.

17
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erosion of the nourishment material. From April 1976 to August 1978, approxi-

mately 62 percent of the sand placed along the southern 2,100 ft of the pro-

- ject had been lost. This erosion problem prompted studies by the Savannah

District and others (o ertel 1978a, Posey and Seyle 1980).
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History of Erosion

11. Prior to 1854, the shore of Tybee Island was apparently charac-

terized by significant periods of accretion, as illustrated by the sequential

and seaward development of beach ridges (Figure 6). The regularly spaced dune

ridges on the southern (Tybee Creek) end of the island suggest that accretion

was continuous. Development of the north end of the island has been much more

irregular, as indicated by the truncations between beach ridge sets. P

12. Since 1854, the northeastern portion of the island has eroded at

moderate rate to rapid rates, the eastern portion has remained relatively

stable, and the northwestern and southeastern portions have experienced signi-

ficant accretion (Figure 3). Erosion problems initiated a program in 1855 to

develop a series of charts of the Tybee Island area (Appendix C). Figure 7,

which was prepared from several of these charts, depicts the shoreline posi-

tion on Tybee Island over a 65-year period. The northern portion of Tybee

Island, near the lighthouse, apparently migrated in a northwest direction

between 1900 and 1931. As indicated by Figure 7, Tybee Island apparently has

experienced two periods of high recession rates from 1875 to 1900 and from

1918 to 1931. Maximum rates of shoreline recession in this area (from 1896 to

1916) have been estimated to be 35 ft per year (Oertel and Chamberlain

* . 1975). The majority of this rapid shoreline recession most likely resulted

"*' '" from several hurricanes (Table 1) which passed very close to Tybee Island.

.- After 1916, the average shoreline recession rate decreased to 7 ft per year

and continued at this rate until the late 1930's. Posey and Seyle (1980)

indicate that the northern 5,800 ft of Tybee Island experienced a shoreline

recession of 6.7 ft per year between 1920 and 1972. The middle 3,200 ft of

Tybee Island experienced periods of accretion and recession with little net

change during the period 1854 to 1975. The southern end of Tybee Island

accreted at a rate of approximately 20 to 25 ft per year from 1897 to 1975.

Appendix E contains a series of photographs which illustrate shoreline

conditions at Tybee Island.

13. During the late 1960's and early 1970's erosion along the island

prompted the Savannah District to nourish the beach with 2.262 million cu yd

of sand which added an additional 3,254,000 sq ft of beach to the total area

7 above MLW. Soon after, the southern tip of the island experienced accelerated

13
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material caused accretion in the northern and southern extremities of Tybee

Island (Figure 3). Following construction of the bulkhead, erosion was con-

fined to the area seaward of the structure. This caused the beach surface to

be lowered and diminished the usable area of recreational beach.

7. Water levels also influence the degree of erosion by waves. The

* . mean tidal range at Tybee Island is 6.8 ft, with spring tide ranages sometimes

greater than 9.0 ft. Wind-induced setup can increase normal water levels by

as much as 3 ft, and when coupled with spring tide, water elevations have

exceeded 11 ft above mean sea level (MSL) (Ebersole 1982; Office, Chief of

Engineers 1973). Although the maximum reported peak storm water level at

Tybee Island was 17.0 ft above MSL in August 1881 (U.S. Army Engineers

District 1970), calculations (Appendix B) indicate that a hurricane equivalent

to "Camille" could, under a particular combination of events, produce a peak

surge greater than 20 ft above MSL (U. S. Army Engineer Coastal Engineering

Research Center 1977). Such a storm would only occur every 500 years but

could result in damages exceeding $10 million (Office Chief of Engineers

1973).

8. Since Tybee Island is bordered by the Savannah River on the north

and Tybee Creek on the south, tidal currents influence the dispersion of sedi-

ment at the ends of the island. Patterns of shoreline advance and retreat in

" these areas have been related to changes in the areas of sediment transport

through these tidal channels (Nummedal, et al., 1977; Oertel 1977).

9. Another important factor which influences the Tybee Island shoreline

is the gradual rise in sea level (Figure 4). During the period 1936 to 1975

the sea level in the Savannah area increased at an estimated rate of 0.01 ft

per year (Ebersole 1982). Over extended periods of time, this increase

exposes new shoreline to erosion and decreases the total beach area available

for recreation.

10. The changes in offshore topography since 1854 illustrate the effect

physical processes have had on the subaqueous sediment platform associated

with Tybee Island (Figure 5).

9



of concrete seawall between First and Center Streets and continued northward

on the ocean side of the 1931 steel sheetpile seawall (Figure 10). The crest

relevation of the top of the rock wall was about +11.0 ft MLW.

26. In 1963, the Chief of Engineers was directed by the US House of

Representatives to perform a hurricane survey of the shores of Tybee Island.

Subsequently, in January of 1970, the Savannah District released a report

entitled "Tybee Island, Georgia Beach Erosion Control and Hurricane Protec-

tion" (U.S. Army Engineer District, Savannah 1970). The report indicated that

the major erosion problem at Tybee Island was along the northern 8,300 ft,

from the north end of Tybee Island to Ninth Street. The northern 1,000 ft of

this section was experiencing shoreline recession, while the southern 7,300 ft

protected by the seawall experienced erosion in the form of foreshore lowering

rather than shoreline retreat.

"S Army Corps of Engineers Project (1971-1976)

27. The 1970 Savannah District report became the basis for House Docu-

ment No. 92-105 (Secretary of the Army 1971) authorizing a project which began

in 1971. The project design was selected to serve two purposes: (a) the

island was to be protected from normal tides and partially from severe storms

and (b) the project was to provide "ample" dry beach area for present and

future recreational needs. The design life of the project was 50 years. The

plan for improvements required nourishment of 8,300 lin ft of shore beginning

at the north end of Tybee Island and extending south to Ninth Street (Fig-

ure 11). A berm 60 ft wide at +11.0 MLW was designed to satisfy the present

(1971) and future recreational needs of the area (Figure 12a). From the crest

of the berm to +6.8 MLW, the beach slope was 1 on 20. From +6.8 MLW to the

ocean floor the slope was 1 on 55. This design was based on estimated eleva-

tions of berms and slopes expected to be produced naturally by wave action.

In 1971, the estimated annual beach nourishment requirement was 100,000 cu yd,

and it was planned to use a 3-year advance supply of material.

28. The 1971 project recommended construction of three substantial

rubble-mound groins with crest elevations generally following the beach

slope. An 800-ft terminal groin at the north end of the island was estab-

lished to maintain a "suitable" uniform beach alignment. Also, in order to

23
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"...reduce the northerly drift to a minimum," extension of the 800-ft terminal

groin to a 2,000-ft length was deferred. The 800-ft groin was expected to

prevent the "free" northerly movement of sand. Lengthening the groin would be 0

justified by a projected reduction in the nourishment requirements. Two

intermediate groins located 1,500 ft and 4,500 ft south of the terminal groin

were also considered in order to reduce nourishment requirements and maintain

uniform beach alignment (Figure 11). Groin crest elevations were set at S

+12.0 ft MLW for the shoreward 100 ft, with a 1 on 35 slope to +3.5 ft MLW,
and remain at +3.5 ft MLW to the seaward end. The proposed cross section is

shown in Figure 12a. This project was not built as initially proposed in

1971, as only the terminal groin was constructed. p
29. In 1973, Design Memorandum I was prepared for the "Tybee Island

Beach Erosion Control Project, Savannah Beach, Tybee Island, Georgia" (Office,

Chief of Engineers 1973). The restored beach berm was designed to be 40 ft

wide at +11.0 ft MLW, have a 1-on-20 slope between +11.0 ft MLW and mean high

water (MHW) which is 6.8 ft above MLW, and a I-on-35 slope to the existing

bottom profile (Figure 12b). The estimated quantity of beach fill per linear

foot of project was varied to produce a smooth project shoreline alignment. A

modification to the recommendations in House Document No. 92-105 (Secretary of p

the Army 1971) called for a 4,000-ft southward extension of the project to

Eighteenth Street (Figure 13). The total in-place fill for the project was

estimated to be 1.295 million cu yd. This volume did not include any

adjustments to account for the expected losses of fines, as that would be

determined after the selection of borrow material.

30. Six potential borrow sites for nourishment material were sampled.

The Tybee Creek Inlet site was selected. The median diameter of this material

was 0.22 mm (fine sand), contained insignificant quantities of silt, clay, and 0

organic material, and was slightly coarser than the grain size of the existing

beach materials. Losses of fines during dredging and by winnowing were ...

expected to be significant and were estimated by calculating critical ratios

as outlined in the Shore Protection Manual (US Army Engineer, Coastal

Engineering Research Center 1977). The critical ratio was determined to be

1.49, thus the initial volume losses were expected to be about 49 percent.

This required the addition of 634,000 cu yd of borrow material to the project

design. An additional 135,000 cu yd of borrow material were included as 3

years of advance nourishment. Since historical studies indicated that the

27
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* greatest erosion rates had occurred at the north end of the island, 80 percent

of the advanced nourishment material was placed at the nortil end of the

project, between Second Street and the terminal groin.

Advance Increase, ft, Beyond
Reach Nourishment, cu yd 40-ft Berm Width

Terminal groin to Second St. 108,000 29

Second St. to Ninth St. 27,000 21 S

Ninth St. to Eighteenth St. 0 0

Total Advance Nourishment 135,000

31. The total in-place fill including advance nourishment, expected

initial losses, and template requirements was 2,064,550 cu yd. Work was

initiated on the terminal groin in the fall of 1974 and was completed in June

1976. Beach restoration began in late summer 1975 and was completed in early

spring 1976. Approximately 2,262,000 cu yd of sand fill were actually placed

within the project area which extended approximately 13,600 ft south of the

terminal groin. The average widths of dry and wet beach were 357 ft and

524 ft, respectively.

Needs for design dimensions ..... ............. .1,295,000 cu yd

Losses expected after winnowing of fines . . . . . . 634,550 cu yd

Advance nourishment ...... ................. ... 135,000 cu yd

TOTAL 2,064,550 cu yd

Backfill behind north end of project
baseline . . .................... 197,450 cu yd

Total Placed 2,262,000 cu yd

32. Calculations for the period between 1920 and 1964 indicated an

erosion rate of 45,000 cu yd per year for the entire project area. However,

since the majority of these erosion losses were thought to be storm related,

renourishment requirements were to be determined by periodic monitoring.

33. The 1971 design for the terminal groin was modified in the 1973

General Design Memorandum (GDM) (Office, Chief of Engineers 1973) (Figure

14). While the seaward length of the terminal groin remained 800 ft, the new

design had a 225-ft landward extension. The original design for the terminal

groin was developed using criteria presented in Technical Report No. 4, "Shore .-

Protection Planning and Design" (US Army Engineers Coastal Engineering

Research Center 1966). The terminal groin consisted of a single layer of

29
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armor stone placed over an underlayer and bedding layer (Figure 14b). The

base of the groin was 0 ft MLW and the crest width varied from 10 to 15 ft.

Based on a 6-ft breaki Lg wave at the baseline (which was the 1912 "Old Sea-

wall") and an 11-ft breaking wave at the seaward end of the terminal groin,

four different size ranges of armor stone were used for construction of the

terminal groin. Stones weighing from 1 to 4 tons were used landward of the

baseline; 5- to 9-ton stones were used for the initial 400 ft seaward of the S

baseline; 6- to 10-ton stones were placed 400 ft to 800 ft seaward of the

baseline, and 7- to 11-ton stones were placed at the groin head. The weight of

the underlayer ana bedding layer stones was 1/10 and 1/200 to 1/400 of the

armor layer stone weights, respectively (Office, Chief of Engineers 1973).

US Army Corps of Engineers Rehabilitation Plan (1979)

34. During and subsequent to the 1971-1976 Corps of Engineers project, a .

shoreline monitoring program was employed to determine the effectiveness of

erosion control structures at Tybee Island (Office, Chief of Engineers

1979). The monitoring program consisted of quarterly surveys taken of 35 pro-

file lines (Figure 15). These surveys indicated that the beach fill losses p
exceeded the originally estimated quantities. In addition, the area of beach

above MHW had decreased while the area above MLW had increased. This resulted

in an increase of the wet beach area between MLW and MHW and a decrease in the

slope of the wet beach. The south end of Tybee had experienced a large amount

of erosion, the original berm placed between Eighteenth and Sixteenth streets

was gone, and at high tide the beach.was totally submerged.

35. In response to these findings, a rehabilitation plan for the Tybee

Island shoreline was developed and submitted in August 1979 (Office, Chief of

Engineers 1979). Major components of the plan included:

a. Rehabilitation and modification of the existing north end terminal

groin using similar materials. The crest on the outer portion of
the groin would be raised to +6.8 ft MLW. A weir section 75 ft long
with a crest of +4.5 ft MLW would be included in the structure to
pass sand to the beach north of the groin.

b. Construction of a new terminal groin at the south end of the project

using reinforced precast concrete sheet -,ile with rock toe protec-
tion. The main functions of the groin were to: (1) serve as a
"holding" structure for retaining sand in the project area on the

upper foreshore and backshore, (2) divert tidal and coastal
currents, thus preventing the landward migration of inlet channels,

31
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and (3) allow a specified amount of sediment from the upper fore-
shore to move onto downdrift beaches to preclude adverse effects to
the southern tip of the island. Figure 16a gives details of the
groin as shown in the GDM (Office, Chief of Engineers 1981). The
groin would be located 400 ft south of Eighteenth Street and run
approximately 800 to 900 ft out from the existing seawall. The
crest elevation would vary from +10 ft MLW at the wall to elevation
+1 ft MLW at the seaward end. A weir notch, 75 ft long with a crest
at mean tide (elevation +4.5 ft MLW), would allow about 40 percent
of the current sand losses to continue feeding the beach on the
southernmost part of the island.

c. Beach replenishment included about 278,000 cu yd of sand on the
south end of the island and about 394,000 cu yd in the vicinity of
First Street (Figure 15). The large sandbar southeast of Tybee
Island would be used to obtain material for replenishment.

JP_
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PART III: REPORTS ON EROSION CONTROL PROJECTS
AT TYBEE ISLAND

36. By 1964, the entire ocean face of Tybee Island was protected by

structures. A steel sheetpile bulkhead fronted by quarrystone armor was north

of Center Street and a vertical concrete bulkhead was south of Center

Street. A total of 24 groins were established along the foreshore to act as 0

sediment traps (Figure 17). Following is a discussion (based on various

reports and data available) of the many erosion control projects which have

been undertaken on Tybee Island.

Gill Report, 1931

37. Gill (1931) provided a cursory evaluation of the 1930 beach erosion

control project which was constructed along the Fort Screven shore. This proj-

ect consisted of a 2,650-ft section of steel sheetpile bulkhead and five

groins. His evaluation of the project was based on a survey taken 6 months

prior to start of construction, observations made during the construction

period, and a survey made at completion. Observations following construction

of the first groin indicated a rapid buildup along the low water shoreline. A - -

more complete survey 6 months later showed a considerable buildup along the

entire shore. Gill also indicated, however, that there were "unbalanced con-

ditions of erosion and accretion between respective groins," which he believed

to indicate that the groins should have been placed closer together.

WPA Projects

38. The 1933 plans for modifying the 1930-1931 project determined that

approximately 100 fin ft of the old bulkhead was apparently underdesigned for - -

the wave forces. To remedy this, projects of the WPA in 1939 through 1941

employed improved design standards including use of concrete bulkheads and p

timber groins. After evaluating previous protective structures, the Savannah

District felt that the most effective method of shore protection was a com-

bination of bulkheads and groins, with "bulkheads for shoreline protection and

groins for beach building purposes" (microfilm from Savannah District 1939). p

Attention was also given to the "type of design" and "structural strength"

35
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1936 WPR. timb er poor condition

1 928 Central Beach Protection Works. wsood pile. dilapidated

176 Termtinal Groin, Qarrvstone. good conditiotn

71. 7932 ft Screiven Groyne 5. steel sheet pile. dilapida ted

3928 Central Beach protection Works. weood pile. dilapidated

1930 ft Screyen Groynre .4,seel sheet pile ddlePida ted

0. -%J 7972 "OldSeae'all, steel sheetoile, dilapidatedl

1 937 ft Screvest Groyste o3. steel sheet pile, dilapidated

1 937 ft Screiven Groyne 2. steel sheet pile. dilapidated

~1t t~s~ ~.. ,,. * 
9 3

0ftSceeen Groyne 1,7 steel sheet pile. dilapidated

* 7928 'Telsee City Groypne, tinmbe r, rip reP. dilapidated

A'K~S. 4 ~ '1947 WP-6347, tinber, poor condition

7928 C 8 P Works and 7940 WP6347, timber. poor condition

7928 C B P Works and 7947 WP-7067 inthier. poor condition

- -- 711940 WP 6347, concrete bu~lkhead, fair condition

7940 WP 6347, timbher, poor condition

7940 WP-6347, concrete bulk head, lair cond,,n

w~: 1940 WP-6347, tnber. poor condition

J ~ ~ .- 940 WP6347, timbher. Poor condition0

;940 WP-6347, concrete bulkhead, fair condition

*lf -.. 7947 WP 7057 , Vnher poor coeditior

76th Street pavilion, hurned during late 7960s

L 7940 WP 6347. tfnmhe, Poor condition

* : 940 WP-6347, concrete bulkhead, tarl condition

7939 WP8739. trtsthe Poor cond,t,on

Figure 17. Locations, dates of construction, and present condition ofS
previous shore protection efforts
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seawall on the south end, another is between Little Tybee Island and the
large sandbar 3,400 ft offshore, and the third channel is between this
bar and the submerged shoals off the southern end of Tybee. As the tide
begins to flood, the flows are basically confined to the three channels
flowing into the inlet. During the first 4 hours of the flood tide, most
of the water flows from the ocean through the middle channel and into
Tybee Creek. At this point, approximately equal volumes of water flow
through each channel and a small percentage flows over the shoals.
During the last hour of the flood tide, 59 percent of the water flows
through the channel which is parallel to Little Tybee Island. As
indicated in Figure 22, during the maximum ebb tide, which occurs 2 hours
after high tide, approximately 7 percent of the flood volume flows out
the channel nearest to the beach, and about 46 ptrcent of the volume
flows through each of the other two channels. As the water flows along
the beach front in the nearshore zone, it carries sand in suspension. On
the flood tide, this sand is carried in the channel nearest the southern
tip of the island and into Tybee Creek. As the tide begins to ebb, the
suspended sand then flows out of the other two channels and bypasses the
channel flowing along the beach. Some of the sand settles out in the
inlet area developing sandbars, and some is placed back into the littoral
drift system and is transported south to Little Tybee Island. The floats
released beyond the breaker zone verified that a flood-dominated channel
exists relatively close to the beach. Historical photographs indicate
that this channel will migrate into and away from the shoreline. This in
turn will determine the size and shape of the beach of the south end of
Tybee.

Refraction Analysis

52. A refraction analysis was conducted based on LEO and data from the

recording wave gage near the Tybee Light Tower (Weggel 1979). Three distinct

waves were investigated and taken to be characteristic of the area: (a) -..

locally generated short period waves (T = 2 sec) of low amplitude (H = 1.5 ft

and H = 2.0 ft), (b) long period swells (T = 8.5 sec) from the southeast of

low amplitude (H = 2 ft), and (c) fall and winter storm waves with short wave

periods (T = 5.5 sec and T = 6.5 sec) of moderate height (H = 4.5 ft and H

5.5 ft). The refraction analysis indicated that locally generated waves (from

east and southeast) were not affected by offshore bathymetry beyond -10 ft

MLW, that waves from the northeast caused a southerly longshore current flow,

and that waves from the south produced the predictable northerly longshore

current flow. Long period waves of relatively low amplitude generally (from

east and northeast) broke at the foreshore, and initial refraction of wave

crests began considerable distances offshore. Refraction caused a divergence

of wave crests away from the central part of the island, resulting in a .

50
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he project area by stabilizing the backshore, sand flats, and dunes; and

hird, increase overall sand retention by constructing a terminal groin at the

outh end of the island. •

Posey and Seyle, 1980

49. An evaluation of the Corps of Engineers' project and a summary of

he special study on the accelerated erosion at the south end of Tybee Island

ire given by Posey and Seyle (1980). The authors state that in the 52 years

prior to initial beach nourishment in August 1975, "the northernmost 5,800 ft

if beach had eroded at a rate of 5.7 horizontal ft per year" while "the

idjacent 3,200 ft southward eroded at an annual rate of 2.9 ft horizontally

.andward." Completion of the terminal groin and beach nourishment in March

.976 increased the average width of dry beach at MHW from 87 ft to 357 ft, and

:he average width of wet and dry beach at MLW from 284 ft to 524 ft. By 1979

:he total beach surface area at mean low water had increased from 4.0 million

;q ft in 1975 to 6.65 million sq ft.

50. The surface area above MHW increased from 26 percent of the total -"-

)each at MLW to 51 percent during the period 1975-1979. This indicates

Formation of a steeper beach which is more vulnerable to erosion. In the

.3 months after May 1976, approximately 460,140 of the 2,262,000 cu yd of

iourishment material had moved out of the project area (approximately 128,400

:u yd per year). Approximately 339,400 cu yd of this loss migrated over,

:hrough or around the terminal groin and accreted just north of the project

Limits. The remaining 120,740 cu yd was either transported offshore or was

:ransported to the south accumulating in the shoal areas near the southern end

)f Tybee Island. 9

51. Approximately 6 months after completion of nourishment, the southern

?nd of the island began to experience an increased erosion rate, and by the

;ummer of 1978, approximately 62 percent of the initial fill placed along the

;outhern 2,10C-ft project had eroded away. The 1978 Savannah District study

4as conducted Lo determine the causes for this accelerated erosion. The

Following summary of the results of the study is adapted from Posey and Seyle

:1980).

Results from the study indicated that the three channels flow into Tybee 0
Creek with some water passing over the sandbars during the higher stages
of the tide. As shown in Figure 22, one channel is within 600 ft of the

49
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Oertel Report, 1978

47. Oertel (1978a) evaluated project performance on the basis of four 9

sets of beach profiles from 14 transects within and 13 transects adjacent to ..

the project area. The study was funded by the Savannah District, US Army

Corps of Engineers, and included 1976-1977 Littoral Environment Observations

(LEO) data and historical charts showing long-term changes in the Tybee Island 0

shoreface. Estimates from profiled data sets indicated that in August 1977

approximately 85 percent of the nourished material had remained within the

project area (Table 5), with the remaining material accounted for in newly

accreted spits at the north and south ends of the island. The center of the 0

island was still accretionary (as reported in the 1972-1973 prenourishment

survey by Oertel 1974), whereas the northern and southern ends of the island

were eroding. LEO data were used to calculate that north of Third Street

longshore transport was to the north approximately 68 percent of the time, S

whereas south of Third Street longshore currents flowed to the south approxi-

mately 67 percent of the time (Table 2, Figure 24). An excess of 150,000 cu

yd of material was believed to have been transported over, around, and through

the terminal groin. Approximately 100,000 cu yd of eroded fill was trans- p

ported to a "cape-like" feature adjacent to Tenth and Twelfth Streets.

Material eroded from between Sixteenth and Eighteenth Streets was transported

southward toward Tybee Creek Inlet. Analysis of beach surveys and aerial

photographs also showed that the terminal groin was not totally effective in .

holding nourishment material. Time-sequence photography at the north end of

the island showed the accretion of approximately 10-12 acres of land along the

shore just northwest of the terminal groin (Oertel 1978a). Material had

migrated around and over the groin forming a spit which slowly migrated

landward. Surveys of the groin in 1978 indicated that the groin had settled,

reducing its effectiveness.

48. This report concluded that beach nourishment was an effective way to

temporarily inhibit shoreline recession and provide a beach for recreation.

Although the project was considered to be successful, the report stated that

performance could probably be increased by improving the sediment trapping

efficiency of the terminal groin and constructing more sand trapping

devices. Three types of modifications were proposed: first, improve the

effectiveness of the north terminal groin; second, prevent aeolian losses from

47
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Figure 23. Location of 11 transects used in the 1976
Georgia Department of Natural Resources study
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45. The Tybee Creek tidal channels have historically migrated, impacting

on the morphological evolution of the southern end of Tybee Island (Oertel

1977). Data from the study showed that both the total ebb and flood tidal

prisms through Tybee Creek Inlet were approximately 9 million cu ft (Table

2). Of specific interest to the project performance was the tidal channel on

the northern side of the ebb tidal delta which flowed very close to the south

end of Tybee Island. Tidal flow measurements indicated that the maximum flood
S

through the northern channel was more than twice that of the ebb (Table 2),

with the difference accounted for in the two other channels. Thus, the delta

was transected by two ebb-dominated channels and one flood-dominated

channel. The flood-dominated channel reinforced the southerly transport of -

sediment adjacent to the south end of Tybee Island (Oertel 1979b). Table 3 is

a summary of the velocity data obtained during this study.

Georgia Department of Natural Resources Study

46. In 1976, the Georgia Department of Natural Resources funded a study

utilizing aerial photography of the Tybee Island shore (Zisa 1978). Measure-

ments were made along 11 transects from aerial photographs taken in April

1976, January 1977, June 1977, and February 1978 (Figure 23). The study

indicated that the shoreline at the northern and southern ends of the project

area was retreating. From the terminal groin to Third Street, the average

shoreline retreat was approximately 38 ft per year. Between Twelfth and

Eighteenth Streets the average shoreline retreat was about 61 ft per year.

The central part of the island between Third and Twelfth Streets experienced

an average shoreline advance of 27 ft per year. These estimates were all

based on measurements of the approximate high water line position from aerial

photographs. The report summarized that the project was apparently not

performing satisfactorily since the surface area (dry beach area) added by

nourishment had been reduced by 33 percent in 22 months. Table 4 presents a

summary of the results of the study. Although it may be true that the placed

dry beach area was reduced by 33 percent of its original size, t "s does not

necessarily imply unsatisfactory performance. It is characteristic of beach

fills that the "equilibrium" beach will have less dry surface area than the

originally placed beach.
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fill material. (The Savannah District monitoring program indicated a 20

percent loss during the same period.) The thirty surveys illustrated the

magnitude of biweekly change along each transect relative to the long-term

trends. Along "stable" areas of the shore (transects 3, 4, and 5) the

biweekly changes, both erosional and accretional, were at times greater than

the net change. (Figure 21a is typical.) At actively eroding areas (tran-

sects 6 and 7), biweekly changes were relatively small compared to net losses

(Figure 21b). The biweekly data traced the creation and destruction of a sand

spit at the south end of the island which had apparently been fed by material

eroded from between Sixteenth and Eighteenth Streets (Figure 21c, transect

8). The same biweekly data indicated that erosional losses produced by the

passage of Hurricane Dottie in August 1976 were recovered at each transect by S

November 1976. Evaluation of the sediment budget based on data from this

study indicated satisfactory performance within the project limits. This

conclusion was based on results from the transect measurements which indicated

a loss of only 15 percent of the total beach fill as of August 1977. Erosion 0

was confined to the north and south ends of the island, with the south end

experiencing the greatest losses.

Accelerated Erosion at South End of Tybee Island 0

44. By early 1976, approximately 2.262 million cu yd of fill had been

used to improve 13,614 lin ft of beach (Office, Chief of Engineers 1981).

Approximately six months later the southern tip of Tybee Island experienced -

accelerated erosion, resulting in losses of a significant portion of the

placed beach fill. In the fall of 1978, a special field study of the major

eroding area at the south end of Tybee Island was conducted by the Savannah

District; the US Army Coastal Engineering Research Center; Dr. George F. 5

Oertel, Consultant; the Georgia Department of Natural Resources; and the City

of Tybee Island. Concurrent with this work, a refraction analysis of waves

approaching the shore of Tybee Island was conducted (Weggel 1979). This study

was an attempt to characterize the processes causing the accelerated _

erosion. Dye packets and neutrally buoyant drifters were used to determine

the path and speed of surface currents at various phases of the tide. In

addition, discharge studies were made in Tybee Creek and the three tidal

channels which dissect the ebb tidal delta of Tybee Creek (Figure 22a).
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northern and southern ends of the island may indicate significant losses due

to offshore sediment transport.

US Army Corps of Engineers Monitoring Projects, 1971-1984

41. The GDM (Office, Chief of Engineers 1973) for the "Tybee Island

Beach Erosion Control Project" included a plan for the evaluation and main-

tenance of the project. This plan was developed in response to the belief

that processes causing erosion at Tybee Island would continue and that

periodic nourishment of beach material would be necessary to maintain the

design profile. Since it was recognized "...that erosion will not occur at a

uniform rate," beach nourishment was to be scheduled in conjunction with post-

construction beach monitoring programs. Yearly inspections of the terminal

groin were to be performed to determine variations from the project design and

the need for maintenance to assure the continued function of the structure.

42. The monitoring program consisted of quarterly surveys (1975-1980)

along fourteen profile lines established within the 13,614 lin ft of improved

beach (Figure 15). The program also provided for surveys following severe

storm events. The surveys indicated that losses of initial beach fill had

exceeded the predicted quantities. Sand passing over the terminal groin

accreted on the north side of the groin. Within the limits of the project

there were pockets of erosion and accretion. The area of beach above MHW

decreased, the area above MLW increased, and the slope of the wet beach

decreased. Beginning in 1976, the south end of Tybee experienced a large

amount of erosion. The original berm placed between Eighteenth and Sixteenth

Streets disappeared, and at high tide water reac~ed the bulkhead.

Skidaway Institute of Oceanography Study

43. In May of 1976, the Georgia Office of Planning and Budget sponsored

a study conducted by the Skidaway Institute of Oceanography to monitor beach

changes in the nourishment area (Oertel 1978c). Nine profile lines were

established, five of which were within the project limits (Figure 20), and

thirty biweekly surveys were obtained between May 1976 and January 1978.

Results of this study indicated a net loss of only 10 percent of the original _

40

~.°........ .. ......... o.-. ..... . . ..... .,•- ,-•. -•........ - -. . . ... .. * .*.- * *
-. q' . ... . . . . . . . . . . . . . . . . . . . . ...... . . . . ..-. . . . . . . . . *. " °," °° ' °." ° . '-- ". .-.-. °- • D' _* •" " ' • • " ° , , -



Figure 19. Lowering of the beachf ace in front
of the concrete bulkhead -
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needed for the protective structures, which resulted in concrete bulkhead

construction taking the place of previously employed steel or timber bulk-

heads.

39. The structural performance of the Tybee Island bulkhead was again

evaluated in 1964 following Hurricane Dora. A portion of the concrete bulk-

head between First and Center Streets was damaged, and severe erosion at the

base of the steel sheetpile seawall left that structure in danger of fail-

ure. The extreme lowering of the beachface seaward of the bulkhead threatened

to undermine the concrete and steel walls, requiring quarrystone or riprap

placement.

Georgia Sea Grant Study, 1972

40. In 1972, the Georgia Sea Grant program funded a study on sediment

dispersion along the central part of the island between Sixth and Sixteenth

-Streets (Oertel 1974). The study was conducted during 1972-1973 utilizing

.. standard beach profiling methods (Oertel, et al. 1979) at biweekly intervals.

*" At Sixth, Ninth, and Twelfth Streets, fall and winter erosional trends were

followed by spring and summer gains, resulting in a balanced annual sediment

budget (Figure 18a). At Sixteenth Street erosion was relatively continuous

- (Figure 18b). The second phase of the study concerned movement of sediments

between and around groins. Sediment transport was generally from south to

*north along the beach face, and the groins generally did not restrict

alongshore transport. Fluorescent tracer grains moved from cell to cell,

ei-ther around, over, or through the groins. In some areas the groins

* apparently formed rip currents that may have increased local erosion. Another

*finding of the study was that the seawall and groins along the ocean face of

Tybee Island influenced the sediment budget in different ways. The seawall

prevented the loss of property landward of the wall; however, erosion

continued to lower the shoreface in front of the seawall (Figure 19).

Although the groins were not highly effective for trapping sand or inhibiting

erosional processes, the central part of Tybee Island had developed a substan-

.- tial berm seaward of the seawall and apparently had a stable sediment balance

- in the mid-1970's. Erosion south of Sixteenth Street lowered the foreshore;

however, the bulkhead prevented retreat of the shoreline beyond the bulk-

* head. The ineffectiveness of groins to trap and accumulate sediment at the
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divergence of longshore currents (Figure 25). These wave-induced currents

would tend to reinforce the flood tidal currents into adjacent inlets and

inhibit the ebb flow from these inlets.

53. The refraction analysis also indicated that the impact of storm

waves on Tybee Island was affected largely by the stage of the tide. During

seasonal storms a relatively large amount of wave energy reached the upper

foreshore and was concentrated at the ends of Tybee Island, particularly the

south end. At low water, wave energy dissipation at the north end of the

island was unaltered; however, the partial breaking of waves on the offshore

shoals decreased the amount of wave energy reaching the foreshore at the south

end. The longshore current produced by waves breaking offshore flowed through

the tidal channels at Tybee Creek (particularly the northern ebb tide delta

channel), increasing the tidal flood adjacent to the southern tip of the

Island and resulting in scour of the upper shoreface. Appendix D contains the

refraction diagrams generated from this study.

Griffin and Henry, 1984

54. In January 1982 the Georgia Geologic Survey funded a study (Griffin P

and Henry 1984) to develop a broad and comprehensive data base for Georgia's

coast. Using maps and available aerial photographs the authors compiled a

history of the Georgia MHW shoreline change from 1857 through 1982. Results

of the study indicated that since 1857 the G. rgia coast has been dynamic but

stable with the exception of St. Catherines and Tybee/Little Tybee Islands,

which experienced net erosion. The authors claim that erosion at Tybee Island

is directly linked to navigation and flood control projects on the Savannah

River, specifically dredging operations and upstream dams. The study includes

a figure (Figure 26) which shows the Tybee Island MHW shoreline positions for

various years since 1857. The authors use this figure to demonstrate that

prior to 1915, when dredging was begun on a regular basis, Tybee Island

experienced net accretion. After this date, the figure indicates net erosion

which the authors attribute largely to dredging, flood control, and soil

conservation operations. The authors reference Oertel (1977) who estimates

that since 1915 these operations have combined to remove approximately 0.65

* billion cu yd of sediment from the system. Another study referenced by

Griffin and Henry states that the beach and dune sands on Tybee Island are
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mineralogically very similar to those sands transported by Piedmont rivers

(Giles and Pilkey 1965).

55. St. Catherines Island, which is located approximately 25 miles S

southwest of Tybee Island, has eroded continuously since 1858. The erosion

occurring on this island is labeled "apparently natural" since no human -:

activities (flood control, navigation improvements) are present. It is

suggested that this erosion is mostly likely related to the fact that of all

the Georgian barrier islands, St. Catherines is located the farthest distance

from a major river.
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PART IV: SUMMARY AND CONCLUSIONS

Erosion Protection Efforts

56. The history of erosion and erosion control efforts on Tybee Island

provides a valuable lesson on the value of using shore processes data in the

design of erosion control projects. Early erosion control projects at Tybee

Island were based on numerous assumptions and a limited understanding of 9

coastal processes. Also, little data were available for calculating the

required structure strengths or evaluating the durability of construction

material. The majority of the early project designs were based on the assump-"

tion that saal -ts eroded from the shore by southwacd-flowing longshore 5

currents. This assumption resulted in the constraction of groins to retard

this movement. However, little regard was given to the potential offshore

transport of sand and the gradual lowering of the beach elevation and width.

Finally, little was known about the structural life of groins in the coastal

environment. Although the art of coastal engineering design was just

beginning to develop during tie late 1800's and early 1900's, information was

not readily available to the field. Shore protection structures designed

during this period employed local engineering technology. Thus, many of these

structures were inadequately designed.

57. With the advent of organizations such as the BEB and CERC, sources

for state-of-the-art technology became available and design practices

improved. The short lifespan of steel sheet pile bulkheads and groLns led to

the use of concrete sheet pile bulkheads and creosoted timber groins in the

late 1930's and early 1940's. These structures were found to have a longer

project life than their steel counterparts. When scouring and erosion near -.-

the concrete bulkhead threatened the structure on the northern portion of the

island, quarrystone was successfully used for additional protection.

58. Most of the efforts to halt the recession of the shoreline used

short groins to hold sediment on the beach. These attempts were generally

unsuccessful, indicating that a single dominant longshore transport direction

was not the only process contributing to the sediment budget. In the mid- - .

l70's, the Corps of Engineers attempted to consider all of the sediment

transport processes and sinks of eroded materials in the Tybee Island
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project. The project had provisions for quantitatively monitoring and eval-

uating: (a) the effectiveness of the terminal groin as a sediment-retaining

structure and (b) existing patterns of erosion and accretion. In previous

projects no provisions were established for post-construction maintenance and

evaluation. Data from the monitoring program, described in the GDM (Office,

Chief of Engineers 1981) for the Tybee Erosion Control Project, were used in

developing the design for rehabilitation of the original Erosion Control "

Project. In consideration of these data, the rehabilitation plan included

modifications to existing groins, construction of additional groins, and a

provision for renourishment.

Causes of Erosion

59. Among the many factors which should be considered when evaluating

the erosional problems at Tybee Island are:

a. Location and orientation of the island with respect to the dominant
wave energy.

b. Meteorological climate.

c. Characteristics of the littoral materials.

e. Impacts of previously constructed shore protection devices. _

f. Rise in sea level.

&_. The history of shoreline and offshore changes.

h. Effects which proposed actions will have on neighboring areas.

i. The effect of water levels and tidal currents.

60. This section briefly addresses these factors and how they might

relate to Tybee. Erosional problems of the late 1800's were primarily con-

fined to the northeast portion of Tybee Island (Figure 27a) which behaved very

much like a headland, bearing the brunt of the attack by northeasterly high 0

energy waves. Sediment transport from the northeast end was probably to the

northwest and southwest. As this process continued, the beach became

elongated, adjusting to an orientation which was less susceptible to erosion

by waves from east and the northeast (Figures 27a,b,c, and d). Erosion along -

the island became more evenly distributed along the shoreface as indicated by

(Figures 27b and c).

61. The geographic location and orientation of Tybee Island has probably

been responsible for a portion of its shore erosion. The island is a headland-.
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extending into the Atlantic Ocean and does not enjo3 much protection. With

the exception of the Gainors Bank submerged jetty, constructed in 1897, the

northern portion of the island has little protection from approaching ocean

waves (Figure 1). In contrast, the southern portion of the island is

partially protected by offshore shoals which are shallow enough to cause

shoaling and breaking of storm waves, thus reducing the nearshore wave energy

climate (Figure 28).

62. Refraction diagrams for storm waves approaching from the east and

northeast indicate that incoming wave energy is focused at the north end and

on the shoals offshore of the southern end. Ti concentration of wave energy

at the two ends of the island is accompanied by a decrease of wave energy

along the central shoreline (Figure 26). This is probably one of the major

reasons that the northern portion of Tybee Island has historically experienced

severe erosion and the central portion has remained relatively stable.

63. Human interventions must also be considered in evaluating the IO

erosion of Tybee Island. Erosion control works have been constructed on the

island since the late 1800's when the first rock/timber groins were con-

structed to control erosion and enhance navigation in the Savannah River.

Figure 17 summarized these attempts. Among those human actions which pre-

viously have and currently do impact on the natural shoreline processes of the

Tybee Island are:

a. Renourishment of the beach.

b. Construction of groins, seawalls, and breakwaters on and near the
island.

Among the human actions which may have impacted on the natural processes of

sediment transport are:

a. Construction of the Savannah River navigational jetties.
-

b. Maintenance dredging operations on the Savannah River navigation
channel.

c. Hydropower and flood control projects on the Savannah River.

d. Construction of housing and recreational facilities on and near the
shoreline.

e.Changes in land usage along the Savannah River upstream of the
harbor.

64. Although it is likely that all of the above actions impact on the -

natural sediment budget to some degree, the degree for each is difficult to
O

quantify. Such a determination is not possible without extensive study.
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65. Approximately 6 months after the 1976 renourishment project the

southern end of the island experienced unexpected severe erosion. Results of

a study conducted in 1978 (Oertel 1978a, Posey and Seyle 1980) determined that S

a combination of three processes was responsible. According to the study, the

three main processes causing accelerated erosion at the south end of the . . . -

island were: (a) the concentration of wave energy at the south end of the

island, (b) the seasonal production of wave-induced coastal currents flowing .0

toward the Tybee Inlet throat, and (c) an asymmetrics tidal flow which pro-

duced a strong, flood-dominated channel adjacent to .ne south end of the

island.

Present Status

66. In spite of the many attempts to control erosion along Tybee's

shores, the loss of beaches continues to be a problem. The rapid loss of 0

beachfill from the south end of the island in the late 1970's prompted the

Savannah District to study the problem and develop a proposed rehabilitation

plan. This plan was completed in 1981 and recommended placement of additional

beachfill and construction of a terminal groin at the southern tip of the S.

island (Office, Chief of Engineers 1981). This rehabilitation plan was sub- .-

mitted and approved for construction in 1982, but funding has not been

authorized by the US Congress.

67. Since completion of the 1974-1976 nourishment project., several S

erosion control efforts by individuals and the local government have been

employed to control localized erosion. These efforts have generally been in

the form of rock fill and cinder block walls to augment the existing sea-

wall. The seawall is in fair condition but has many sections which are in 0

need of repair. The terminal groin at the northern end has settled but is

still in good condition. The sand trapping ability of this structure con-

tinues to be suspect, as reported by Oertel (1978a). The 24 groins which

exist along the oceanface are in various states of repair, ranging frum •

dilapidated to fair (Figure 17).

68. In Oecember 1983, the State of Georgia created a task force to study

the Tybee Island problem and to develop recommendations for possible solu-

tLions. The present goal is to examine all available data and pertinent S

information and develop a plan by December 1984. The task force includes
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members from the Georgia Geological Survey, the Savannah District, and several

institutions of higher education.

Recommendations

69. Many factors must be considered in the design of erosion control

systems and/or structures. Future studies at Tybee Island should first deter-

mine the causes of erosion and their relative significance. Then, most

favorable corrective courses of action should be evaluated in terms of the

processes they are trying to influence. Other factors which should be

considered include:

a. Possible effects on Tybee Creek or other nearby channels.

b. Possible effects on neighboring shorelines.

c. Performance of previous erosion control efforts on Tybee Island or
other similar areas.

d. Long-term trends of shoreline change in the Tybee Island area.

e. Costs.

70. Structural methods such as bulkheads and groins have been the most

common form of erosion protection constructed on Tybee Island. Current prac-

tice often involves the use of beachfill in combination with structures as was 0

the case with the 1976 project. Various selection criteria, as listed in

Table 6, should be examined when deciding on appropriate structural measures

(Office, Chief of Engineers 1981).

71. Serious consideration should be given to the use of dredged material

from the Savannah Harbor navigation channel as beachfill. Should analyses of

sediment samples lidicate that the material Is unsuitable for direct applica-

tion to the beach face due to silt and clay content, it could possibly be

placed in the nearshore area of the northern end of the island. This could

create a man-made shoal which would (a) provide potential source material for

littoral processes (which would also naturally cleanse the sediments) and (b)

attenuate the energy of incoming waves. The feasibility and characteristics

of such a shoal should be studied carefully with numerical techniques and

other methods to insure that it would perform its intended function without

causing undesirable side effects.

72. In some cases of shore erosion, offshore segmented breakwaters have

been employed with highly satisfactory results (Pope and Rowen 1983, Lesnik
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1979). When properly designed, offrhore segmented breakwaters allow longshore

drift to continue but at a reduced rate. A major advantage of such break-

waters Is that the sed tnent is not deflected into deeper water and lost to the

system, as frequently occurs with groins. The major disadvantage of these

structures is that initial construction costs are greater than costs for land-

based structures. Design criteria for offshore breakwaters are primarily

based on refraction analyses to determine spacing, maximum storm conditions

for structural design, and average wave climate for beach response (Pope and

Rowen 1983, Toyoshima 1974).

73. An approach which should be considered (but often obtains little

local support) concerns nonstructural methods. Among the nonstructural

alternatives which might be considered for Tybee Island are: 0

a. Removal of threatened buildings next to the beach using funds slated
for stabilization projects.

b. Establishment of setback lines and conservation easements to prevent
further construction near the the beach.

74. A final nonstructural approach which is also usually unfavorable to

local interests is the "do nothing" approach. This approach to public

shoreline management is strongly supported by a growing number of coastal

experts (Howard and Pilkey 1981). The general claim is that the rising sea

level will force repeatedly bigger efforts of erosion control and result in

greater and greater expenditure. The philosophy is simply to allow existing

natural processes to seek equilibrium without human interference. An obvious

drawback to this alternative would be the inevitable loss of private property

in eroding areas.

75. Whatever courses of action are considered, it is important that the

T/bee Islaa1;| coaist T- coqi.lrd as a single system. A reasonable sediment

budget should he developed Llhentifyi.ig the najor sources aud sinks as well as

those processes which affect sediment distribution. Long- and short-term

trends should be identified and the balance between onshore and offshore sedi-

'nent ,movement should also be add1,,-1. Any fitire action taken to alleviate

erosion problems at Tybee Island should be documented by monitoring during and

subsequent to construction. Although these factors are likely to be only

partially understood, they must be considered in the selection of recommended

"solutions." The history of shore protection efforts at Tybee and other

islands documents the mistakes which can arise when solutions are employed

which only address a local problem.
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S
1. This Appendix contains wave data, including height, period, and

direction, based on hindcast calculations using meteorological data from 1956-

1975. Tables and figures were generated using SEAS. The following descrip-

tions of the wave data, tables and figures in this appendix are adapted from

Ragsdale (1983).*

2. Sea and swell significant wave data (height, period, and direction)

are taken directly from the SEAS data base. Combined wave significant data

are computed from these sea and swell data where: (a) height is equal to the r

square root of the sum of squares of sea and swell wave height, (b) period is

that of the dominant wave (sea or swell), and (c) direction is that of the

dominant wave.

3. Percentages in the tables are multiplied by 100 to display greater

precision. Thus a table value of 967 is 9.67 percent for that particular

combination of wave height and period. In addition, percentage frequencies,

multiplied by 100, are tabled at the right side of the figure for each height

category.

4. Tables AI-A3 are tabular grids of percent occurrence of significant

waves in height and period ranges by direction. Height is presented in

columnar format while period is presented in row order. The table includes

all possible wave direction (0.0 to 360.0 deg azimuth).

5. Figures Al and A2 are vertical histogram/barcharts of the percent

occurrence of significant wave height at predefined intervals. Percentages

are graduated along the y-axis from 0 through 50 percent in 1 percent incre-

ments. The x-axis reflects significant wave height and is graduated from 0

through 15 metres, in 1-metre increments. Frequency counts are also displayed

below the x-axis for each height interval.

6. There is a marked similarity between Figures Al-A6, with the only

difference being that Figures Al and A2 display wave height, Figures 
A3 and A4 -

display wave period, and Figures A5 and A6 display wave direction of origin.

* References are located at the end of the main text.
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APPENDIX A: SUMMARY OF WAVE DATA FROM SEA-STATE ENGINEERING-
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Table 6

Criteria for Selecting Coastal Structures

Type of Structure

Protected .

Bulkheads* Seawalls* Revetments* Groins* Beaches*

Functions

Applicability to
small projects Yes Yes Yes No** No

Recreational beach Limited
provision No No No unless fillea Yes

Backshoret erosion Yes Yes Yes No, unless Yestt

prevent (secondary) fille"

Backshore wave Yes Yes Limited No Limited -'-

protection (secondary) if filled

Backshore slope Yes Yes Limited No No 7-

retention (secondary)

Effects of Environmental Conditions

Beach profile with Negates earth Negates secondary None None None
flat backshore retaining earth retaining
slope function function

Beach profile with Usual condition Earth retaining Bank may None None
steep backshore for earth re- capability may need to be
slope taining function be exceeded graded

Beach profile with None None None Longer length Lower fill

flat foreshorel structure volume

slope required required

Beach profile with Larger waves with more force could reach this structure Higher Higher fill
steep foreshore structure volume

slope required required

Size and strength of structures are dependent on Steep? waves

wave height erode;

Waves flat§ waves
Aeflected waves cause beach erosion help maintain

Longshore sand None None None Provides fill Longshore
movements for trapping. currents

High volume distribute
required for fill along -

success shores

Windblown sand None None None Provides fill None . -
for trapping

* Adapted from notes contained in US Army Engineers Coastal Engineering Technical Notebook.

** In some cases a single structure may suffice, but usually a series of groins are required.
+ That upper zone of the beach which is acted upon only during severe storms.

tt Provided periodic renourishment is maintained.

I That part of the shore that is ordinarily exposed to the uprush and backrush of wave action as the tides
rise and fall.

Distance between successive crests are 10 to 20 times their height.
Distance between successive crests art 0 or more times their height.
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Table 1

Notable Hurricanes Experienced At Tybee Island, .

1854 to 1983*

Date Classification** Deathst Windstf p

Sep 7-12, 1854 Hurricane Unknown 90
Aug 21-26, 1885 Extreme 22 125
Aug 15-Sep 2, 1883 Great 1000-2000 96
Sep 18-30, 1984 Hurricane 4 104
Sep 22-29, 1896 Hurricane 116 80
Sep 25-Oct 6, 1898 Extreme 179 -
Oct 9-23, 1910 Great 30 125
Aug 23-30, 1911 Major 25 106

Aug 5-15, 1940 Major 34 73
Oct 12-23, 1944 Great 18 120
Sep 11-20, 1945 Great 26 170
Oct 9-16, 1947 Hurricane 1 95 .
Sep 20-Oct 2, 1959 Major 22 150
Jun 4-14, 1966 Major 6 125

* Compiled from data contained in Monthly Weather Review (Sugg, Pardue, and
Carrodus 1977 and Ludlum 1963). .

** Classification of hurricane intensity as determined by barometric pressure
and windspeed: Order of intensity: Most intense --- Extreme

Great
Maj or

Least intense ---- Hurricane

t Number of deaths is not for Tybee Island but is the total number of deaths
attributed to each hurricane.

tt Maximum recorded windspeeds in mph at some point along the hurricane's
path.
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APPENDIX B: CALCULATIONS FOR STORM SURGE AT TYBEE TSLAND
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TIDAL RANGE AT TYBEE :6.8 FT

MAX SPRING TIDE RANGE 90F

WIND SETI-UP: 2-3 FT

PARAMETERS FOR HURRICANE CAMILLE:

""P 3.19 IN. MERCURY =108.0 MBARS

V 13.00 KNOTS/HR =14.5 MPH
F

R =14.00 NAUTICAL MILES =15.6 MILES

FROM FIG. 3-Si , SPM S =22.0 FT MSL

FROM FIG. 3-S3 ,SPM F =1.3 (SHOALING FACTOR)

CRRCTILON FOR STORM MOTION -- > MAX = 1.03 AT 15.6 MPH

S =22.0 (1.3) (1.03) = 29.5 F'T A2OVE MSL
P

Figure Bi. Calculations based on 1977 Shore Protection
manual method to predict storm surge which would be
caused by a hurricane equivalent to Camille (US Army
Engineer Coastal Engineering Research Center 1977)
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APPENDIX C: NATIONAL COAST SURVEY CHARTS OF TYBEE ISLAND
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APPENDIX D: REFRACTION DIAGRAMS FOR VARIOUS WAVE CONDITIONS
OFF TYBEE ISLAND
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APPENDIX E: PHOTOGRAPHS PERTAINING TO EROSION AT TYBEE ISLAND -
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Figure El. North end of Tybee Island, 1935

YI

Figure E2. South end of Tybee Island, 1935
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Figure E3. North end of Tybee Island, 1938
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Figure E7. Central portion of Tybee Island shore, 1966
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Figure Ell. Tybee Island beach after nourishment, 1976
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Figure E13. South end of Tybee Island, 1978

Figure E14. North terminal groin

E9



1S

0

Figue E5. out end of ybe Isandaeral hot (ap roxmatly 966

E10



Table El

Aerial Photography of Chatham County, Ga.

Year Scale Area Coverage Source

1952 1":330' Complete USDA-ASCS
P. 0. Box 9543
Savannah, Ga 31402
Ph: 912/232/4321, Ext. 202 0

1968 1":1320' Complete USDA-SCS
P. 0. Box 9381
Savannah, Ga 31402
Ph: 912/236-0761

1970 1":50,00 Complete USDA-SCS

P. 0. Box 9381
Savannah, Ga 31402
Ph: 912/236-0761

1970 1":400' and Complete Metropolitan Planning

2 Bay Street West
Savannah, Ga 31402 ..'.-
Ph: 912/236-0761

1972 1":500' Complete Jack W. Berry Associates,
Inc.,
P. 0. Box 23
Morrow, Ga 30260
Ph: 404/361-6956
Ph: 404/361-4764
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